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(57) Abstract 

A multilayer miniature low temperature rapid cooldown refrigerator in which a central cooling chamber (30) for a 
device to be continuously cooled is connected to input (44) and output (52) refrigerant lines by micron sized channels (26) 
formed in interfaces of glass or like plates (20, 22, 24), the channels (26) including a coumerfiow heat exchanger and a ca- 
pillary section (30) and the channels (76) being so arranged as to assure rapid cooldown immediately in the region of the 
device to be cooled. 
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FAST COOLDOWN MINIATURE REFRIGERATORS 



This invention relates generally to refrigeration and more 



ly of the type disclosed in copending applications Serial Nos. 
259,687; 259.688 and 354,616. 

As disclosed in greater detail in the above-identified 
applications the refrigerators with which the present invention 
is concerned are Joule-Thomson refrigerators formed by a 
laminate of plates which are etched to provide inflow and out- 
flow gas channels which form a counterflow gas heat exchanger, 
a capillary section, boiler region and the interconnecting 
passages between these sections. Refrigerators of this type 
have particular utility in providing extremely low temperature 
cooling for chips or superconductor devices which are generally 
of small dimensions, for example, a centimeter square. 

The refrigerators disclosed in the af oreir enti.oned copending 
applications were developed for maximum efficiency in order to 
minimize eras flow rates required for various refrigeration 
capacities. There are, however, a number of cooling applica- 
tions which can tolerate higher gas flow rates to achieve the 
primary objective of rapid cooldown. Such applications include 
cooling infra red detectors in tactical missiles and precision 
guided munitions. Fast cooldown devices might also be used to 
cool sensitive detectors and low noise amplifiers in scientific 
instruments which are operated infrequently and for relatively 
short durations. 

The principal purpose of the present invention is to 
provide improved microminiature ref riqerators of the type de- 
scribed which answer these requirements by providing extremely 
rapid cooldown. 

It has been discovered that the limiting factor in rapid 
cooldown applications is the amount of heat which must be 
extracted from the material being cooled including the material 
in the refrigerator itself. In accordance with the present 
invention novel arrangements, configurations and relationships 
of the inflow and outflow passages provide for maximum cooling 
at a small localized area of the refrigerator. 



particularly to microminiature refrigerators which are general- 
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It is a further object of the invention to provide im- 
proved microminiature refrigerators which will withstand the 
high vibration and acceleration forces which occur during 
launch of missiles and similar munitions. 

It is a further object of the present invention to provide 
rapid cooldown microminiature refrigerators which can be pack- 
aged with the device to be cooled in small low cost hermetically 
sealed packages with internal cavities that may be evacuated or 
backfilled with an inert gas. 

It is a further object of the present invention to provide 
improved fast cooldown microminiature refrigerators which may 
be operated in normal atmosphere conditions. 

Additional objects and advantages of the present invention 
will become apparent as the description proceeds in connection 
with the accompanying drawings in which: 

Fig. 1 is an exploded view of three plates which comprise 
the major components of the refrigerator of the present inven- 
tion prior to assembly. 

Fig. 2 is a central transverse section through a refriger- 
ator formed by the assembly of the components of Fig. 1. 

Figs. 3, 4, and 5 are views similar to Fig. 2 showing fur- 
ther embodiments of the present invention. 

Fig. 6 is a view similar to Fig. 2 illustrating a further 
embodiment of the invention which reduces thermal stress induced 
in the device during cooling; and 

Figs. 7 and 8 are central transverse sections illustrating 
alternate constructions for hermetically packaging the refrig- 
erators of the present invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now more particularly to the drawings and 
especially to Figs. 1 and 2 the principal components of the re- 
frigerator there shown are three circular plates 20, 22 and 24 
of glass or similar materials of low thermal conductivity having 
the same coefficient of thermal expansion. 

Etched on the upper surface of the plate 20 is an inflow 
channel 26 of spir al form leading from a through input port 28 
to a central spiral capillary channel 30. The plate 20 is also 
provided with a through output port 32. 

OM?I 



WIrO 

rm A 



WlrO 



WO 84/02177 PCT/US83/01885 

3 

The plate 22 is provided with a central through opening 34, 
the upper end of which opens into a circular recess 36 in com- 
munication with a series of radial channels 38, the outer ends 
of which are in communication with an annular channel 40 leading 
to an output port 42. 

The plate 24, which functions as the top cover plate, has. 
planar top and bottom surfaces. 

The plates 20, 22 and 24 are assembled to form the refrig- 
erator as shown in Fig. 2 with the plate 22 overlying the plate 
20 and the plate 24 overlying the plate 22. 

In a typical case the plates 20, 24 are .7 inches in diam- 
eter and each approximately .010 inches thick. Typically the 
inflow channel 26 is .002 inches wide and about the same in 
depth. The capillary channel 30 is typically about .002 inches 
wide and about .00075 inches deep. The other channels. and ports 
are correspondingly dimensioned. 

These channels and ports in the plates 20 and 22 are pref- 
erably formed in the manner disclosed in detail in the aforesaid 
copending applications and the plates 20, 22 and 24 are sealingly 
assembled in face-to-face contact also by the methods disclosed 
in these applications. 

Gaseous refrigerant is supplied to the unit through an inlet 
tube 44 brazed or otherwise sealingly secured to a ring 46 
sealingly secured to the undersurf ace ■ of the plate 20 to dispose 
a through port 48 in alignment with the inlet port 28. The ring 
46 also includes an outlet port 50 disposed in alignment with 
outlet ports 32 and 42 in the plates 20 and 22., the port 50 
leading to a suitable outlet tube 52. 

In operation, suitable gas such, as nitrogen, is supplied 
to the inle^^ sure., in „ the .. xange. of 6_, 000, . ,ps i_. 

The compressed nitrogen passes through the inflow channel 26 to 
•i.^^-^^PiJrA^fy 9 hannel 30 which substantially reduces ""'the' pressure 

o f the ga s and produces... the desired cooling , maximum cooling being 

effected in the region of the port 34 and the recess 36 which 
is located immediately beneath the device 54 to be cooled which 
is mounted centrally on the upper surface of the plate 24. The 
cooled gas then passes through the radial channels- 38 in heat 
exchange relation with the incoming gas passing through the 
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channel 26 and the capillary channel 30 to precool the incoming 
gas, further accelerating the cooldown rate. The gas then exits 
from the device to any convenient point of disposal. 

The unit is effective to produce a temperature of 90° Kelvin in a 
few seconds after start-up, this temperature being achieved in 
the region of the port 34 and the recess 36, which, as noted 
above, is in the immediate region of the device 54 to be cooled. 
A wide range of compressed gases can be used to achieve different 
cooldown rates for a range of minimum temperatures. 

In the modified form of the invention shown in Fig. 3 the 
unit includes plates 55 and 56 similar to the plate 20, a plate 
58 similar to the plate 22 and a modified top plate 60. 

As in the previously described embodiment the plate 55 has 
a spirally arranged inflow passage 62 connected to a capillary 
section 64 and the plate 56 has a similar inflow passage 66 and 
capillary passage 6 8. The top plate 60 has a central through 
opening 69 which is vented to atmosphere through a series of 
radial channels 70 positioned immediately beneath the device 54. 

In operation, gas flows from the inlet tube 44 through the 
passages 62 and 6 4 to a central port 7 2 in the plate 58 thence 
through radial channels 74 for exit from the device through the 
aligned outlet ports 76 and 78, thus cooling the central portion 
of the refrigerator unit. Additionally, a portion of the gas 
passes through aligned ports 80 and 82 in the plates 58 and 56 
for passage through the channels 66 and 6 8 for subsequent passage 
to the atmosphere directly through the port 69 and the channels 
70. 

Since the pressure of the gas as it leaves the capillary 
section 68 determines the minimum operating temperature of the 
refrigerator this embodiment of invention achieves the lowest 
possible operating tepmerature in the region of device 54. 

'* The* embodiment of Fig.' 4" comprises a plate 84 similar to the 
plate 20 having a spiral inflow passage 86 and a capillary 
section 88, a top panel 24, a modified intermediate plate 89 
and a bottom plate 90. 

On operation, gas under pressure is supplied through suit- 
able ports to the inflow channel 86, a portion of the gas then 
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passing through capillary section 8 8 thence through a central 
port 100 and radial channels 102 for passage through aligned 
outlet ports to the . outlet tube 52. Additionally, a portion 
of the gas entering the capillary section 88 is tapped off 
through a port 44 for passage through a relatively wide annular 
channel 106 to the exterior of the device. In this embodiment 
of the invention the incoming gas in channel 86 is effectively 
precooled by its passage in heat exchange relation with the 
cooled gas passing through the radial channels 102 and the 
annular channel 106. 

The embodiment of Fig. 5 is similar to the embodiment of 
Fig. 4 and includes an additional plate to provide for addition- 
al precooling of the incoming gas. More specifically, the unit 
of Fig. 5 includes a top plate 24, an intermediate plate 89, a 
central plate 20 and lower plates 107 and 108, the latter having 
an inflow section 109 and a capillary section 110. The operation 
of the device of Fig. .5 is essentially the same as that of Fig. 
4 except that a portion of the gas is delivered through the 
alternate inflow passage 109 and the capillary passage 110 for 
passage through a port 112 to radial channels 114 formed in the 
upper surface of plate 107 thence to the exterior of the device. 
This embodiment of the invention thus provides additional pre- 
cooling for the incoming gas to assure rapid cooldown. 

As previously noted, all embodiments of the invention employ 
the same concept of cooling the central portion of the refrig- 
erator in order to minimize the amount of material being cooled. 
This creates a large temperature gradient from the center of the 
refrigerator to its outside edges which remain at least initially 
at ambient temperatures. This temperature gradient may produce 
severe stress in the refrigerator plates as the cooled central 
material attempts to contract while the warmer outer areas 
resist this contraction. 

Fig. 6 illustrates a further forra of the invention incor- 
porating a unique configuration to eliminate the adverse effects 
of thermal stress. The refrigerator of Fig. 6 comprises three 
plates 120, 122, and 124 which are identical to the previously 
described plates 20, 22 and 24 except that the plates, at least 
in their central region, are upwardly convex. This configuration 





WO 84/02177 PCT/US83/01885 

6 

enables the material in the cooled central region of the refrig- 
erator to contract without inducing stress in the outer region. 

As noted above the refrigerators of the present invention 
may readily be incorporated in a hermetically sealed unit where 
desired. 

For example, as shown in Fig. 7 an upper ring 126 sealingly 
secured to the upper surface of the plate 24 carries a top cover 
plate 128 to form a sealed space about the device 54. 
Electrical leads 130 are printed or similarly deposited on the 
upper surface of the plate 24 and lead to the exterior of the 
device. Similarly a bottom cover plate 132 is sealingly secured 
to the lower surface of the ring 46 to complete the incapsula- 
tion of the entire refrigerator. The bottom plate 132 is provi- 
ded with a port 134 which permits the interior of the device to 
be evacuated or to be filled with an inert gas as desired. 

In the embodiment of Fig. 8 a suitably apertured bottom 
cover plate 136 is sealingly secured to the lower surface of the 
plate 20 in lieu of the ring 46 previously described. The sealed 
housing for the unit of Fig. 8 is completed by an annular wall 
member 138 and a top cover member 140 suitably sealingly secured 
together. The electrical leads 142 for the device 54 may be 
conducted to the exterior of the housing through the bottom wall 
136 as shown. As in the previously described embodiment the 
bottom cover member 136 may be ported as at 144 to permit the 
interior of the device to be evacuated or supplied with an inert 
gas. 

In each of the embodiments of Figs. 7 and 8 the refrigerator 
per se are supported around their outside perimeters which 
results in a rigid structure capable of withstanding the high 
vibration and shock forces which exist during the launch of 
tactical missiles and precision guided munitions. 

The invention may be embodied in other specific forms with- 
out departing from the spirit or essential characteristics 
thereof. The present embodiments are therefore to be considered 
in all respects as illustrative and not restrictive, the scope 
of the invention being indicated by the appended calims rather 
than by the foregoing description, and all changes which come 
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within the meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 

What is claimed and desired to be secured by Letters 
Patent is: 
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1. A microminiature cryogenic refrigerator for cooling 
superconductor devices and the like comprising at least three 
plates of glass or like material of low thermal conductivity 
bonded together in pressure tight contact over an interface 
area to provide a stiff laminate, said plates having a central 
region and a peripheral region, an outermost one of said plates 
being adapted to carry a device to be cooled adjacant its 
central region, means forming a low temperature chamber at said 
central region of said laminate, means forming a micron sized 
supply fluid passage in the interface area between two of said 
plates connecting an input fluid port fo said low temperature 
chamber, said supply passage comprising a first section for con- 
ducting incoming highly compressed gas and a serially connected 
smaller diameter second capillary section opening into said low 
tempperature chamber, said supply passage being of spiral config- 
uration, and means forming outflow passages in another interface 
between two of said plates, said outflow passages extending 
radially from said low temperature chamber to an exit port adjacent 
the periphery of said refrigerator whereby the cooled gas flowing 
through said outflow passages is disposed in heat exchange re- 
lation with the incoming gas passing through said supply passage 
to effectively precool the gas passing through said supply 
passage. 

2. The refrigerator according to claim 1 together with an 
additional plate, means forming a second supply passage in the 
interface between said additional plate and an adjacent plate, 
said additional supply passage being connected in parallel with 
said first mentioned supply passage and including a spirally 
arranged supply section serially connected to a spirally arranged 
smaller diameter capillary section, and means connecting the 
outlet end of said capillary section of said additional supply 
passage to conduct the cooled gas exiting therefrom to the 
exterior of the device in the region of the device to be cooled. 

3. The refrigerator according to claim 1 together with 
additional passage means for conducting a portion of the gas 
delivered to said capillary section to the exterior of said 
device in heat exchange relation with the incoming gas passing 
through said supply passage. 
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4. The refrigerator according to claim 1 wherein said 
plates are circular in form and are upwardly convex in their 
central region. 

5. The refrigerator according to claim 1 together with 
means forming a hermetically sealed housing enclosing said 
refrigerator. 

6. The refrigerator according to claim 5 wherein said 
housing is provided with a port by which the housing may be 
evacuated or supplied with an inert gas. 

.7. The refrigerator according to claim 5 wherein said 
housing is directly secured to said refrigerator at a 
peripheral region thereof to provide structural support for 
said refrigerator. 
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AMENDED CLAIMS 

[received by the International Bureau on 04 April 1984(04.04.84); 
original claims 1 to 3 have been replaced by amended claims 1 to 3; 
claims 4 to 7 unchanged] 



1. A microminiature cryogenic refrigerator for cooling superconductor devices 
and the like comprising at least three plates of like thermal conductivity bonded together 
in pressure tight contact over an interface area to provide a stiff laminate, said plates 
having a central region and a peripheral region, an outermost one of said plates being 
adapted to carry a device to be cooled adjacent its central region, means forming a 
low temperature chamber at said central region of said laminate, means forming a micron 
sized supply fluid passage in the interface area between two of said plates connecting 
an input fluid port to said low temperature chamber, said supply passage comprising a 
first section for conducting incoming highly compressed gas and a serially connected 
smaller diameter second capillary section opening into said low temperature chamber, 
said supply passage being of spiral configuration, and means forming outflow passages 
in another interface between two of said plates, said outflow passages extending radially 
from said low temperature chamber to an exit port adjacent the periphery of said 
refrigerator whereby the cooled gas flowing through said outflow passages is disposed 
in heat exchange relation with the incoming gas passing through said supply passage to 
effectively precool the gas passing through said supply passage. 

2. The refrigerator according to claim 1 together with an additional plate, 
means forming a second supply passage in the interface between said additional plate 
and an adjacent plate, said additional supply passage being connected in parallel with 
said first mentioned supply passage and including a spirally arranged supply section 
serially connected to a spirally arranged smaller diameter capillary section, and means 
connecting the outlet end of said capillary section of said additional supply passage to 
conduct the cooled gas exiting therefrom to the exterior of the device in the region of 
the device to be cooled. 

3. The refrigerator according to claim 1 together with additional passage 
means for conducting a portion of the gas delivered to said capillary section to the 
exterior of said device in heat exchange relation with the incoming gas passing through 
said supply passage. 
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4. The refrigerator according to claim 1 wherein said 
plates are circular in form and are upwardly convex in their 
central region. 

5. The refrigerator according to claim 1 together with 
means forming a hermetically sealed housing enclosing said 
refrigerator. 

6. The refrigerator according to claim 5 wherein said 
housing is provided with a port by which the housing may be 
evacuated or supplied with an inert gas. 

7. The refrigerator according to claim 5 wherein said 
housing is directly secured to said refrigerator at a 
peripheral region thereof to provide structural support for 
said refrigerator. 
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